IntroductIon
The prevalence of urolithiasis is high, affecting up to 15% of the world population. 1, 2 Because of the high frequency of this disease and a higher likelihood of pregnant women developing kidney stones, 3, 4 the diagnosis of urolithiasis during pregnancy is very frequent. 4 The simple diagnosis of asymptomatic nephrolithiasis in pregnant women does not require specific measures in most cases. 4, 5 According to some authors, 6, 7 renal colic and nephrolithiasis complications during pregnancy are less common, happening in 1 of 224 to 2,000 pregnancies, and the symptoms are more frequent in the later months of pregnancy. 8 When there are symptoms related to urolithiasis, there are some particularities related to clinical manifestations, diagnosis and treatment of The diagnosis of urolithiasis during pregnancy is common, even though no additional measures are required in asymptomatic cases. Renal colic or complications of urinary lithiasis occur more frequently during the last months of pregnancy, and there are several particularities for the diagnosis and treatment of this subset of women. The present manuscript aim to review the current knowledge concerning this subject and present authors personal experience.
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DOI: 10.5935/0101-2800. 20140055 this condition in pregnant women. This paper aims to review this issue in the light of current knowledge.
urInAry trAct metAbolIc And physIologIcAl chAnges durIng pregnAncy
During pregnancy there are physiological and anatomical changes to the urinary tract. The kidneys are cranially displaced by the fetus, besides increasing by about one centimeter in size, due to the increase in kidney vascularization and interstitial space during pregnancy. 9 Upper urinary tract dilatation is a remarkable change in pregnancy and happens at around the seventh week of pregnancy in about 90% of pregnant women, persisting for up to six weeks postpartum. This "physiological" hydronephrosis stems from hormonal and mechanical factors and is more pronounced on the right side. Hydronephrosis increases urinary stasis, acting as a major risk factor for nephrolithiasis as well as urinary infections. 9 Cardiac output in pregnancy is also increased, causing elevation of glomerular filtration rate by 40% to 65%. 9 This results in reduction of serum creatinine, which can reach 0.5 mg/dL, as well as changes in the renal excretion of electrolytes. Regarding lithogenic urinary parameters, the changes occur in differing directions. On the one hand, there is hypercalciuria due to increased glomerular filtration of calcium associated with the intestinal hyper-absorption of calcium by the placental production of 1,25-(OH) 2 vitamin D. 3 Any calcium supplementation during pregnancy may contribute to increase further urinary excretion of calcium. In contrast, there is significant increase in urinary pH, renal excretion of citrate, magnesium, uromodulins, nephrocalcin and glycoproteins during pregnancy -inhibitory factors of urinary crystallization and formation of stones. 3, 9, 10 Such changes in opposite directions lead to a different situation from that found in non-pregnant patients. Although many factors inhibitory to the urinary-crystallization are increased, hypercalciuria in pregnant women is associated with increased urinary pH, favoring urinary supersaturation by brushite and calcium phosphate stone formation, especially carbapatite. 3 In a study which assessed 244 stones extracted from pregnant women, the authors reported a significantly higher proportion of calcium phosphate stones when compared with stones from non-pregnant women (65.6% vs. 31.4%, p < 0.0001). Having symptomatic kidney stones during pregnancy raises additional concerns because, besides all the suffering and risks it can bring to pregnant women, it is also associated with a further significant increase in the risk of premature membrane rupture 8 and increased risk of preterm labor in 1.4 to 2.4 times. 8, 10, 11 Renal colic typically occurs when a stone migrates and causes obstruction somewhere in the urinary tract. The pain is not directly caused by the stones themselves, but it arises from distention of the urinary tract and kidney capsule. 1 The most commonly place associated with the clinical manifestation of the obstruction is the ureter. In a study involving individuals seeking emergency treatment for renal colic, they reported that the most frequent topography of urinary obstruction by stones is the ureterovesical junction (60.6%), followed by the proximal ureter above the junction with the iliac vessels (23.4%); the pieloureteral junction (10.6%); distal ureter (4.3%) and crossing with the iliac vessels (1.1%). 12 The symptoms herein may vary from a framework of low back pain, radiating to the flank, lower abdomen or genital region. There may be hematuria, urinary and other symptoms such as pollakiuria and dysuria, particularly when the stone is found in the distal portion of the ureter. Nausea and vomiting may occur due to intense pain. 1, 13 In a cohort of pregnant women with symptomatic urinary stones, the authors observed that the most frequent symptoms were back pain (71%), and hematuria (57.1%). 7 Given this context, one must start with supportive measures, including antiemetics, analgesics, and minimum hydration when necessary. We have to bear in mind that the drugs to be used should be selected taking into account their effects, side effects and safety of use during pregnancy, as per shown on Table 1 .
dIAgnostIc tests And dIfferentIAl dIAgnoses
Upon clinical suspicion of renal colic or abdominal pain in pregnant women, one must perform additional tests to confirm the diagnosis. In addition to other differential diagnoses of acute abdomen and obstetric conditions, one should take into account the possibility of other urological disorders. Faced with renal colic during pregnancy, you should investigate the presence of ureterolithiasis, physiological hydronephrosis of pregnancy and/or pyelonephritis, which may occur in isolation or as a complication of the first two conditions. 14 Initially, one should obtain urine sample for urinalysis and urine culture. Usually, in the context of renal colic, one can see microscopic hematuria, observed in 92.9% of the cases. 15 In contrast, in normal pregnancies there usually is no hematuria, 14 hypercalciuria was the only urinary change reported in this group of patients. 14 Additional tests may bring relevant information, especially serum creatinine, to estimate kidney function and CBC to assess possible evidence of systemic infection.
Although non-contrast abdomen CT scan is considered the gold standard in evaluating an individual with renal colic, this image scan should be avoided during pregnancy, especially in the first quarter -because of teratogenesis risks associated notably ureterohydronephrosis. Physiological hydronephrosis is a confounding factor in 90% of normal pregnancies, 16 which in most cases invalidates the use of this data as a parameter to be considered. However, physiological hydronephrosis is more common and more pronounced on the right side because of uterine dextroversion. 17 Additional information which can and should be seen upon the ultrasound includes the degree of hydronephrosis, absence of ureteral stream or increased renal artery resistivity index 17 and finding other kidney stones which, even if not associated with an acute pain episode, show a greater likelihood that other stones have moved into the ureter.
MRI is mentioned in the literature as an alternative for the diagnosis of changes in the urinary tract during pregnancy. 18 However, the test sensitivity to detect stones is also low, 19 although it may show indirect signs of stones, such as ureteritis, periureteritis, perirenal edema or overflow 16, 18 ( Figure 1 ). Another alternative for women in the second and third quarters is CT scan with lower radiation doses. Examinations performed with less radiation produce images with worse resolution, but in suspicious cases, these images may aid in the diagnosis of women in the last quarters of pregnancies. 20, 21 clInIcAl treAtment After analgesia and clinical compensation for the pregnant women with suspected renal colic, one should establish the therapeutic strategy. In most cases, additional tests are not enough for an accurate diagnosis, but it plays a fundamental role in ruling out other differential diagnoses. The most frequent clinical manifestation is that of a pregnant woman with colic and backache, whose ultrasound shows ureterohydronephrosis and urinalysis shows hematuria. In this situation, one should rule out situations that would determine immediate action, namely:
1. UTI associated with obstruction by stones. 2. Intractable pain despite clinical care, and intense analgesia. 3. Acute kidney failure, usually associated with bilateral obstruction or in women with a single kidney. with radiation exposure. Thus, total abdominal ultrasound examination should be the initial image test for evaluating a pregnant woman with abdominal pain and/or suspicion of renal colic. However, although it has a high specificity of 90% for the diagnosis of ureteral lithiasis, the sensitivity of this method is quite low (11%-24%). 13 Therefore, in most cases the ultrasound will not lead to a conclusive diagnosis, but it can be useful to demonstrate indirect signs of obstruction, 4. Loads of uterine contractions occurring prematurely. If none of these conditions are present, these pregnant women should receive drug treatment as the first choice. This must be accomplished primarily through the use of analgesics (paracetamol, dipyrone), antispasmodics, opioids and/or corticosteroids. Among the medications commonly used to increase the rate of ureteral stones clearance, we stress alpha-blockers and calcium channel blockers. Alpha-blockers are considered standard of care in the general population; however, there are no studies today proving the safety of these drugs during pregnancy, making the use of this class of medications not recommended for pregnant women. In animal studies, nifedipine was associated with abortions and teratogenesis; also being inadvisable for pregnant women (category C medication according to the US-FDA).
In general, there is a higher rate of ureteral stone clearances in pregnant women; it is estimated that 80% of the time the stones are cleared with clinical treatment. 4 However, in pregnant patients with symptomatic urolithiasis there is a significant risk of urinary tract infection with an incidence of 52.4%. 7 Thus, antibiotic prophylaxis is recommended. 
surgIcAl treAtment
When ureteral stones are associated with complications such as evidence of concomitant urinary tract infection, acute kidney failure or intractable/recurrent pain, surgical treatment is mandated. 22 Among the possibilities to treat urolithiasis, it should be noted that extracorporeal lithotripsy through shock waves is contraindicated during pregnancy because of the risk of miscarriage and detached placenta. 23 Alternative treatments, include:
1. Kidney unit clearance through the implantation of a double J-type ureteral catheter. 2. Percutaneous nephrostomy. 24 3. Ureteroscopy and definitive stone treatment. 4. Open/laparoscopic surgery -rarely used -situations of exception. 5. Percutaneous renal surgery -rarely used, situations of exception. 25 Traditionally, the procedures performed in this context aim to simply clear the kidney, either by percutaneous nephrostomy or double J-catheter. 26, 27 Although these are quite effective alternatives to resolve the urgency, they are still inconvenient because an external probe remains dwelling in the case of nephrostomy, or not performing the definitive treatment, in addition to keeping the catheter in the urinary tract. Moreover, women undergoing nephrostomy for urinary obstruction are usually submitted to frequent changes caused by the obstruction. 24, 28 The double-J catheter must be changed every eight weeks due to the high risk of catheter encrustment in pregnant women.
With the development of more sensitive and precise equipment in the last decade, it became possible to perform safe ureteroscopy and definitive treatment for the stones even during pregnancy. According to a meta-analysis published in 2008, although the experience reported in the medical literature is relatively small -108 cases -ureteroscopic treatment of stones during pregnancy is safe and efficient. 22 Additionally, with technical refinement in most cases, it has become possible to perform these endoscopic urological procedures without exposure to radiation using a lead apron, 29 or totally avoiding radiation with the use of the "follow the wire technique", using two guide wires during ureteroscopy, and introducing the ureteroscope following the guidewire. 30 In a recent meta-analysis involving 116 procedures the authors suggested an 88% success rate and only two complications. 31 In the author's experience (FK, unpublished data), in 29 pregnant patients treated endoscopically in the last three years (6-39 weeks gestational age, mean ± SD: 25.0 ± 8.1 weeks), 27 cases were successfully treated without the need for fluoroscopy, using the "follow the wire" technique. In one of the cases, fluoroscopy was used minimally to confirm the position of the guide wire and the double-J catheter due to a tortuous ureter, and in one case it was necessary to perform percutaneous renal access due to impossibility of access, as well as passing the guide wire in a 1.3 proximal ureteral stone associated with pyelonephritis. With the goal of avoiding the use of fluoroscopy, it is also possible to employ intraoperative ultrasound as a means of guiding the ureteroscopy. 32 Both the laser and the ballistic lithotripters have been proven safe as a source of energy for breaking ureteral stones. 22, 31 The use of postoperative urethral catheter is often recommended for variable periods. 33 It should be further noted that, even in cases of colic by physiological hydronephrosis without the occurrence of concomitant urolithiasis, in which the patient stays with the recurrent pain despite analgesia in left lateral decubitus, placement of ureteral catheter should also be considered.
technIcAl AnesthetIc
During anesthesia for obstetric surgery in pregnant women in ureterolithotripsy, one should consider important aspects for both maternal and fetal safety, taking into account the physiological changes of pregnancy. Teratogenic drugs should be avoided, avoid fetal hypoxia and prevent premature labor, regardless of the technique used. Despite the lack of randomized, prospective studies, there seems to be similar safety between regional anesthesia (spinal or epidural) versus general anesthesia. In both techniques, one should avoid hypotension, prevent tracheal aspiration and move the uterus to the left, ensuring adequate oxygenation, normocarbia and euglycemia. One must also keep adequate postoperative care, including satisfactory analgesia, early ambulation, monitoring fetal heart rate and uterine contractions. 34 In the first trimester of pregnancy, the main fetal concerns are abortion and teratogenesis. In the third quarter the main concern is with preterm delivery. Whenever possible, we try to postpone surgery to the second quarter in women with gestational age less than 20 weeks. When surgery is unavoidable, regional anesthesia is the first choice, thus avoiding the use of nitrous oxide. Fetal heart rate monitoring should be performed before and after surgery. In women with ongoing pregnancy over 20 weeks, it is recommended the use of prophylactic tocolytics. Fetal heart rate and uterine activity should also be monitored during surgery. 34 
obstetrIc rIsks
Nephrolithiasis in pregnant women did not prove to be a risk factor for the occurrence malformations in a second study that evaluated 22,843 newborns or fetuses with congenital malformations. 35 On the other hand, renal colic and its complications increase the risk of premature delivery, 36 which can occur in up to 67% of cases according to a series. 37 They also increase the need for performing a C-Section. 38 In contrast, surgical procedures during pregnancy also increase pregnancy risks. 36 In a series of 46 pregnant women undergoing ureteroscopy, there were two complications with preterm delivery (4.3%). The approach to these patients is challenging from diagnosis to therapy decisions, as well as in obstetric care. It is essential to have a multidisciplinary approach involving obstetric care and eventually tocolytic agents.
In conclusion, urolithiasis and complications occur with relatively high frequency during pregnancy. The recognition of this disease, its complications and peculiarities during pregnancy is of fundamental importance to the obstetrician, urologist, nephrologist and all professionals involved in the care for pregnant women.
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